Abstract-Haze and fog lead to image degradation by various degradation processes like image contrast, image blurring and pixel distortion. It has effected the efficiency of computer and machine vision algorithms. A number of single image and multiple image restoration based image defogging algorithms have aimed to solve the problem in an efficient and fast manner. The objective of the paper is to summarize present state of the art image defogging algorithms. Firstly, an image classification algorithm has been presented and then we summarized present state of the art image restoration based image defogging algorithms. Finally, we summarized image quality assessment methods followed by their comparisons of various image defogging algorithms. Problems of image dehazing and future scope have been discussed thereafter.
INTRODUCTION
Bad Weather: Particles in Space: Weather conditions vary mainly in the types and sizes of the particles included and their concentrations in space [1] . TABLE 1 depicts the measure of particle sizes and concentrations under a variety of conditions. Larger particles produce a variety of weather conditions which are given below: Haze. Particle type of haze is aerosol which are small particles suspended in the gas. These particles are larger than air molecules but are smaller than fog droplets. Haze tends to create a distinctive gray or bluish hue and it affects visibility.
Fog. Fog evolves when the relative humidity of an air parcel reaches saturation point. A practical difference between fog and haze lies in the significantly reduced visibility caused by the former. There are many types of fog (e.g., radiation fog, advection fog, etc.) which differ from each other in their formation processes. In this paper, we will use both the terms interchangeably.
Cloud. A cloud exists on the higher altitudes. This is the real difference between fog and haze as cloud exists only at higher altitudes rather than sitting at ground level. Most clouds are made up of water droplets like fog, and some are composed of long ice crystals and ice-coated dust grains.
Rain and snow. When cloud droplets are processed, they turn into rain. When viewed up close, rain causes random spatial and temporal variations in images and hence must be dealt with differently. Similar arguments apply to snow, where the flakes are rough and have more complex shapes and optical properties. Details of formation of rain and snow are not discussed here.
Atmospheric Scattering [2] : As said above, air light or haze is the brownish or bluish color we see when we look at distant objects. This visible effect is due to the scattering of light by the atmosphere towards the camera. The atmosphere is a mixture of molecules and particles of various sizes. The following figure illustrates what happens when we take a picture of distant objects through the atmosphere during the daytime On a bright sunny day, the primary illumination is the sun. This illumination is scattered by molecules and particles in the atmosphere in all different directions. viewer i.e. the camera which adds in an additive radiance that increases the brightness of distant objects. This is known as air light. The further the object is, the brighter it appears. It is because the more atmospheric medium is there between a viewer and an object; the more scattering of light towards the viewer takes place. The object radiance is also attenuated because of scattering and absorption as it travels towards the viewer. The direct transmission is the light radiance that remains after the object radiance is attenuated along the path towards the camera or the viewer.
II. RELATED WORKS
In this section, a review on classification of the input image, image dehazing methods image enhancement methods and image restoration methods has been made.
A. Classification of Input Image
The very first step is to consider whether the color input image is hazy or non-hazy. For this classification, one cannot depend on the human visual perception. An algorithm to judge whether the color input image is hazy or non-hazy has been proposed by R.K. Thakur et al. in [3] . In this paper, he has considered four parameters i.e. standard deviation, max, min and mean to categorize the images and for further classification, obtaining a high rate of recognition. He categorized the colored hazy images in four distinct groups as: where sd = standard deviation of image mean = mean of image pixel_range = max -min max = maximum intensity level in the image min = minimum intensity level in the image Then depending on the value of VI, the color input image is further categorized as follows: The method is very simple, feasible, and efficient and classification accuracy achieved is 92% [3] . The method suffers from the limitation that it is not capable of classifying all types of noisy images. It mainly focuses on classification of color hazy image B. Image Dehazing [4] The presence of fog or haze in the atmosphere leads to reduce the visibility of the image scene substantially, and it has become a major problem. High-quality images are need of the hour as the many visual application systems like video surveillance, remote sensing; navigation, target identification are built from clear and high-quality images. Updating the existing hardware equipment which can operate in adverse weather conditions needs significant work and high cost which is not realistic. On the other hand, it is more feasible to design haze removal method. Although many proposed image de-hazing methods have achieved good results, these methods still have some shortcomings regarding image quality achieved and computing speed. Therefore, image de-hazing is an urgent problem to be solved at present.
In some review papers, image de-hazing methods are divided into two categories on the basis of image enhancement and image restoration. The categories of image defogging methods are shown in figure 2 below. Table 3 shows the comparison of various single image dehazing techniques.
C. Image Enhancement Methods
These methods do not consider the physical imaging model of the hazy conditions. These methods improve the quality of image mainly by image contrast enhancement or color enhancement, and many algorithms have already been done using this criterion, such as histogram equalization algorithm [5] and multi-scale color image enhancement algorithm [6] . But this method may lead to loss of original part information, and the result of dehazing is distorted.
D. Image Restoration Methods
These methods use a physical imaging model based on the degradation reason of images under hazy conditions. These algorithms establish the atmospheric scattering model [7] [12] . The polarization images with different brightnesses of the same circumstance of the scene are obtained by using a polarization filter with different orientations. This type of image restoration algorithms uses at least two polarization images to estimate the parameters of the physical model and then inversely solves the physical model for image restoration [13] . These polarization-based defogging algorithms are based on the partial polarization of air light. Its effect will decrease as the polarization degree decreases. Moreover, it will fail in thick foggy weather. Also, for some special cases like taking images with a moving camera, it was difficult to acquire two polarization images since the scenes change more rapidly than the filter rotation. [17] . The author has analysed the visual manifestations of different weather conditions, and then presented a physical dichromatic atmospheric scattering model [18] . Regarding this model, they presented a geometric framework for scene understanding under the foggy weather and computed the three-dimensional structure and color of the scene from two or more hazy images [16] . But if the color of the object in the scene matches fog or haze, it is unstable for defogging using this model. To solve the problem, a monochrome atmospheric scattering model was presented [7] . Narasimhan et al. also presented a fast image defogging algorithm based on this model [7] . Above image restoration algorithms are suitable for surveillance scenes only. For dynamic scenes especially for vehicle cameras, these algorithms fail because the two images are hard to be simultaneously acquired. 
Methods that use Single foggy image:
Single image defogging algorithms can enhance hazy images captured under any condition. To improve the efficiency of single image dehazing, several methods have been proposed till date:
Image Restoration Algorithm by Fattal's work: Based on the assumption that the propagation of light and shading parts of the target surface are locally uncorrelated, Fattal [19] presented a method to estimate the transmission and atmospheric light. The author used independent component analysis (ICA) to estimate the medium transmission and then recovered the foggy images. This defogging method uses the statistical property to estimate parameters for image restoration. Thus, the performance greatly depends on the input image. This approach fails when the fog is dense, and there is insufficient signal-to-noise ratio (SNR).
Image Restoration Algorithm by Tan et al.:
Through statistics, Tan [20] made two basic observations: firstly that clear images had higher contrast compared with foggy images, so he focused on maximizing the local contrast of the recovered image for enhancing image visibility. Secondly, airlight changes smoothly in a small local area. To achieve the objectives, he first used the white balanced operation to transform the input image into white color. He then used the Markov Random Field (MRF) to model the airlight model with which the airlight could be estimated via maximizing the local contrast of the restored image. The purpose of this methodology is to obtain a restored image which has maximum contrast. This method does not take into account color restoration, which gives color distortion to the enhanced image. So the disadvantage is that the color of the restored image is often oversaturated, and partial information may lose. Also, as the patchbased operation is used to estimate the airlight model, some 'halo' effect also appear in the resulting image especially in depth discontinuities areas.
Image Restoration Algorithms by He et al. and its variant techniques:
To solve the problems, arising from the above methods, He et al. proposed a defogging algorithm based on a single image, and it has proved to be an effective method to restore outdoor images [21] . They proposed a Single image haze removal method based on dark channel prior (DCP) and obtained impressive and good quality results. According to him, most local patches in haze-free outdoor images contain some pixels which have low intensities in at least one color channel [22] . Under this assumption, they estimate the unknown parameters in the haze physical model. The formal definition of the concept of DCP for a haze-free image J is as follows:
Where is a color channel in J and Ω(x) is a local patch centered at x. He et al., 2009 observed that for the non-sky region the dark channel of the haze-free image is low and very near to the null pixel value. Also, he noticed the fact that the dark channel is a rough approximation of the thickness of the scene.
The authors in [21] further investigated that the low intensities in the dark channel are due to 3 factors: i. Shadows: For instance the shadow of cars, building or the shadows of leaves, trees and rocks in the landscape image. ii. Colorful objects and/or surfaces: For instance any object like green grass/tree/plant, red or yellow flower/leaf, lacking color in any color channel (RGB) will result in low values in the dark channel. iii. Dark objects or surfaces: for instance dark tree trunk and/or stone.
We observe that natural outdoor images are usually full of shadows, colorful objects, and the dark channels of these images are really dark! The algorithm proposed by He et al. is as follows:
i. Estimate the atmospheric light A: To estimate the atmospheric light, the author pick 0.1% of the brightest pixel in the dark channel pixels, then the pixel which has the highest value of chosen dark channel well approximate the atmospheric light. ii. Estimate the transmission: First apply the min operator on each color channel by using the definition of haze physical model and by assuming ˜t constant in a local patch:
Since the airlight contains the highest pixel values by applying the min operator over the three color channels, This step is just an application of the formula once the two parameters are allowing the recovering of the scene radiance J, are estimated.
The more various color information the foggy image has, the better the restoration effect will be. But the DCP theory fails if the image has a large sky area, largely white area, or dense fog and inhomogeneous fog.
However, this method needs to refine the transmission map through soft matting technique which is computationally intensive and cannot be used in practical situations.
Huang et al. analyzed the drawback of the HE et al.'s DCP defogging algorithm and proposed an improved DCP (IDCP) algorithm with three modules for single image defogging [24] . The proposed algorithm can also enhance sandstorm images.
To improve the efficiency, Xie et al. used the Multiscale Retinex algorithm to estimate the transmission [6] .
Gibson et al. used median filtering to optimize the transmission [25] [26] . In addition, they also concluded that performing the defogging algorithm before image compressing is better than defogging after compressing [26] . But using median filtering causes edge degradation.
A number of different filters, which have good performance in preserving edge information, have also been used to replace the soft matting algorithm. Various research paper based on these filter use includes the weighted least square (WLS) based edge-preserving smoothing method [27] , locally adaptive Wiener filter [28] , bilateral filtering [29] , and joint bilateral filtering [30] .
To solve this problem of computation in the HE et al. [21] proposed a guided filter [31] , and found that the output of a guided filter is an approximate solution of the Laplacian matting optimization equation. Also, Refining the transmission map using guided filter greatly reduces the time complexity. This method is proved to have a better edge preservation effect and was faster than bilateral filtering and joint bilateral filtering. But it suffers from the drawback that the original foggy image is chosen as the guidance image due to which the texture details of the recovered image are weakening and the haze removal results may not be the best. Another version of guided filter [31] was proposed by He et al. in [32] which improves the computational time.
Some improved defogging algorithms were further proposed on the basis of the guided image filtering. These includes Pei et al. used the DCP theory and guided image filtering to restore the night-time haze image [33] , Li et al. [34] proposed a weighted guided image filter (WGIF) which addresses the problem that amplification of noise in sky regions is addressed for Single image haze removal.
Li and Zheng [35] also proposed a single image haze removal algorithm by introducing an edge-preserving decomposition technique to estimate the transmission map for a hazy image.
Lin and Wang [36] first used downsampling algorithm to resize the transmission and then used guided image filtering to optimize the transmission. Using the edgepreserving filters to replace the soft matting algorithm for image defogging not only significantly improves the efficiency, but also obtains a better edge restoration effect.
Zhu et al. [37] proposed a simple but powerful color attenuation prior to single image haze removal by creating a linear model to model the scene depth of the hazy image. Under this novel prior method with a supervised learning method, the depth information can be well recovered.
E. Restoration Algorithm by Tarel et al.
Tarel and Hautiere [38] proposed a fast image dehazing algorithm based on atmospheric veil by using median filtering and its variant to replace the soft matting algorithm. The algorithm can process real-time process color or gray images.
This algorithm estimates atmospheric veil from the minimum color component using a median filter. For each pixel, it was assumed that the atmospheric veil V(x) was less than the minimal component of the original foggy image. Tarel et al. wanted to obtain the maximum V(x) which is smooth in most areas except for the edge area of the image. To improve the efficiency while preserving the edge and corner, they used the median filtering and its variant. This algorithm is very efficient, but since the median filter is not conformal and edge-preserving, the estimating atmospheric veil does not reflect the depth information of the scene accurately. As a result, in some small edge regions with large depth jumps, the desirable dehazing results cannot be achieved. The sky region processed by these algorithms is degraded by serious noise and color distortion. [39] [40]
F. Image Restoration based on Bayesian Defogging
Based on the fact that the scene albedo ρ and depth d are two statistically independent components, authors Kratz and Nishino proposed a Bayesian defogging algorithm. They first factorized the image into the scene albedo and depth and then a Factorial Markov Random Field (FMRF) was applied to model the dependence between these two items and the input image. These algorithms are effective in reducing the halo artifacts, but the iteration is time-consuming, and the parameters need to be set manually.
G. Learning-based Image Restoration Algorithm
Tang et al. [41] proposed a novel transmission estimation method via a learning-based approach.
They used the Random Forest to learn a regression model. For an unknown foggy image, it uses three steps:
Step 1: The image is first divided into several small patches.
Step 2: Haze-relevant features are extracted.
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Step 3: The learned Random Forest model is used to obtain the transmission of each image patch.
Step 4: After that, the coarse transmission is obtained by aggregating the transmission of each image patch.
The algorithm also uses the guided image filtering to optimize the transmission further.
These algorithms have the ability to learn adaptive regression models for different weather conditions, which can restore the foggy image within homogeneous fog or dense fog.
These methods suffer from many shortcomings. It is hard to obtain a large number of training data as this algorithm needs many fog-free and foggy image pairs as training data for learning the regression model.
The coarse transmission which is estimated by the regression model is not the true transmission of the image.
It cannot reveal the true depth information of the image especially edge areas. The primary purpose of image defogging algorithms is to enhance the visibility of a hazy image. A good defogging algorithm not only enhances the visibility, edge, and texture information, but also preserves the image structure and its colors. Thus, a good image quality assessment method compares the effect of visibility, color restoration, and image structure similarity of different defogging algorithms.
A. Assessment Criterion of Image Visibility
Some of the indexes that can be used to compare the visibility of images are like blind assessment metric [42] , image visibility measurement (IVM) [43] , image contrast [44] , and visual contrast measure (VCM) [45] .
Blind Assessment Indicator:
It uses first two indicators (e and r ) to represent the enhanced degree of image visibility. where n r and n o represent the cardinal numbers of the set of visible edges in restored image and original image, respectively and M and N are the image size [42] . Larger the value of e, the larger degree of visibility improvement.
The second indicator r uses the enhanced degree of image gradients to represent the restoration degree of the image edge and texture information. A larger r also means that the corresponding defogging algorithm has better edge preservation performance than others. 
Image Visibility Measurement (IVM):
Yu et al. [43] presented another image visibility measurement method based on the visible edge segmentation. 
Image Contrast:
The contrast of a non-hazy image is usually much higher than that of a hazy image, so image contrast can be used to compare different defogging algorithms.
The higher the contrast of the enhanced image, the better is the dehazing algorithm.
Contrast gain is calculated as the mean contrast difference between the enhanced image and original foggy image [44] , and is calculated as: 
Visual Contrast Measure (Vcm):
Jobson et al. [45] proposed a visual contrast measure(VCM) to find the degree of the visibility of the image and is calculated by 
B. Assessment Criterion of Color Restoration
Blind assessment indicator(σ) is used to assess the color restoration performance of defogging algorithms [42] . Here, σ denotes the rate of the saturated pixels after image defogging and is calculated as follows:
where M and N is the size of the image and ns is the total number of B&W (black and white) pixels of the enhanced image (which are not completely B&W in the original fog image). Smaller the value of σ, the better is the result of the defogging algorithm.
Also, by Yu et al., a good defogging algorithm should allow the original hazy image and enhanced image should have similar Histogram distributions. They used the Histogram Correlation Coefficient (HCC) of the two color images as the criterion to assess the performance of color restoration.
C. Image Structure Similarity
Wu and Zhu [46] used the image structural similarity(SSIM) and Universal Quality Index (UQI) [47] to assess the performance of the structural similarity between the original hazy image and the enhanced image. Both traditional SSIM and UQI criterions use an image with high quality as the reference image. Thus, the higher the SSIM and UQI, the better the compared image. Thus, in real-world applications of image defogging, the original hazy image is always chosen as the reference image, so large SSIM and UQI does not mean that the image is of high quality. So the enhanced image with the good/best visibility may have the smallest SSIM and UQI. Also, the removal of fog from a foggy image will also change the image structure. This also leads to a small SSIM and UQI. In some existing single image defogging algorithms, some parameters are required to be set manually which is unrealistic in real time applications. A fast, efficient and useful algorithm is the need of the hour. 4 . It has been observed that objective image quality assessment methods are not consistent with subjective image quality assessment methods. Thus, some better image quality assessment method may be proposed. It may be some intelligent machine learning method like deep learning algorithm.
D. Other Image Quality Crietrias
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